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SUMMARY PAGE 


tHE PROBLEM 

In the military cockpit, frequent small and large gaze shifts are 
required to visually scan and monitor a variety of flight instruments and 
avionics systems. When gaze shifts are large, precise coordination between 
head and eye movements is required to rapidly fixate on a new visual 
target. Relatively sophisticated transducers and related instrumentation 
are often used to assess gaze-shift efficiency. Since these procedures are 
generally expensive and time consuming, this laboratory has initiated 
research to develop a relatively low-cost, performance-based measure of 
head/eye coordination during large gaze shifts that are important to in¬ 
flight pilot performance. A previous report described the theoretical 
basis for the gaze test and presented data for small and large unidirec¬ 
tional head motions. This report describes further progress in the devel¬ 
opment ot such a test. 

FINDINGS 


A performance-based test of gaze capability has been developed using 
low-cost light-einittlng-diode (IjED) displays operated under the sen i- 
automated control of a desk top microcomputer. The test is based on the 
ability of an individual to rapidly shift his gaze over a relatively large 
angle and precisely identify digits presented in a numeric array for brief, 
time-varied exposure times. The new test, involving four widely spaced 
displays, allows the derivation of performance scores for gaze shifts 
involving head movements made in the left, right, up, and down directions. 
The results of four experiments. Involving Navy and Marine Corps flight 
candidates as subjects, support the original report findings relative to 
the heavy Influence of exposure time on performance, and most importantly, 
the wide range of performance capabilities reflected within the study 
population. This latter point has the potential for operational signifi¬ 
cance in that the test should distinguish pilots with exceptional gaze 
capabilities from those with relatively poor gaze performance. 

REGOHMEMDATIOMS 


The present configuration ot this test of gaze function produces 
performance scores for four different exposure times for each direction of 
head movement. Although the test meets the basic objectives of this re¬ 


search program relative to cost and ease of operation, the extent of the 
information gained from the test probably exceeds that required tor an 

approximate measure of gaze function. To simplify the test and Increase 

Its clinical potential, we recommend that the test be further refined by 
using a Bekesy-type determination of a threshold time for recognition of a 
fixed number of digits. This de eiopment would reduce the time required to 

conduct the test and would yield a single performance score for each direc¬ 

tion of head movement. 


' ■ ■ b';, ('lilies 




*' ■ ' " •Uor 
'./■■ricjl 






ACKHOULEDGMEMTS 


The authors wish to particularly acknowledge Lynn C. Perclval for the 
original research work he conducted at NAMRL in the initial development of 
a performance-based test of gaze function. His concepts and research ap¬ 
proach contributed directly to the development of the present test configu¬ 
ration. Thanks are also extended to Andrew M. Dennis for the many contri¬ 
butions made to the design and development of the present test configura¬ 
tion. Appreciation is also extended to Kathleen S. Mayer, Krista Imhoef, 
HM2 W. A. Smith, and HM2 T. L. Green for their contributions to the data 
collection aspects of the project, and to Nell Davis for her typing and 
report layout contributions. In addition, we wish to thank Dave Sherry of 
the University of West Florida for his statistical guidance in the analysis 
of much of the report data. 


iv 



urntoDucTioM 


In the military cockpit, visual icannlng and monitoring of different 
flight instruments and avionics systems requires frequent gaze shifts, some 
exceeding 100° (1). Such gaze shifts require close coordination between 
head and eye movements in order to achieve rapid fixation on the new visual 
target. Typically, head and eye velocities are summed, moment-by-moment, 
to yield remarkably constant gc.'> velocity, even though neither the head 
nor the eye velocity remains constant (2). For example, saccadic eye 
velocity generally slows and then reverses direction when the head con¬ 
tinues to turn after the eye has acquired a target. Yet, gaze velocity 
remains constant during the saccade and stops after the saccade is com¬ 
pleted . 

A number of mechanisms are involved in this coordination. One widely 
accepted hypothesis is that the vestibulo-ocular-reflex (VOR) modifies eye 
velocity to automatically maintain the close eye-head coordination required 
for the eye to acquire and hold a target during head movement (3,4,5). A 
recent alternative hypothesis is that two different motor programs are 
involved during large gaze shifts; one to generate the large ocular saccade 
and the other to perform the function often attributed to the VOK (b,7,b). 
According to this viewpoint, the VOR "turns off" during large saccades but 
is operative during smaller shifts in gaze. 

Whatever the outcome of this interesting question concerning mecha¬ 
nisms of eye-head coordination, efficient gaze-shift control is an impor¬ 
tant element of pilot performance in modern military aircraft. In this 
light, our activity has initiated research (2) directed at developing a 
low-cost, performance-based test of gaze capability. The Initial data from 
this research indicated a substantial range of performance on a task re¬ 
quiring rapid acquisition of visual information following large gaze 
shifts. The range of performance differences observed would potentially 
provide some pilots with a functional advantage over others in an opera¬ 
tional environment. This aspect of visual performance can be degraded, 
even more, by peripheral or central nervous system disorders. However, it 
is well established that adaptive mechanisms can be quite effective in 
overcoming limitations in eye-head coordination (4). A long-term objective 
of the performance-based testing program is to provide insight as to 
whether such adaptive mechanisms can compensate disorders and reestablish 
requisite performance. 

In the previous study (2), the procedure consisted of a presentation 
of a series of individual fixation letters on a CRT, followed by brief, 
time-varied presentations of digit arrays on a second CRT display located a 
known angular displacement from the first display. Serial letter identiti- 
catlon was used to maintain initial gaze position, ana performance was 
scored as the number of digits correctly identified in proper sequence 
following presentation of visual and auditory signals to initiate gaze 
shift from Che fixation display to the digit array display. Only part of 
the study involved head and eye movements, and these head-eye gaze shifts 
involved motion in Che horizontal plane in only one direction. The present 
study extends tills initial research effort by providing performance data 
for both left- and right-directed shifts in gaze made in the horizontal 
plane as well as up- and down-directed shifts made in the vertical plane. 
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In addition, light-emitting diode (LED) displays were substituted for the 
higher cost CRT displays used in the first study. 

The paper presents the results of four distinct, but related, experi¬ 
ments. The first experiment evaluated the performance of subjects making 
6U° head movements in the horizontal plane using an LED display with rela¬ 
tively small alphanumeric characters. The second experiment used larger 
I,ID displays separated by 90°. In the third experiment, performance was 
measured tor head movements made in the vertical as well as horizontal head 
planes using the large displays. The last experiment involved the repeat 
testing of a small group of subjects to investigate the extent of learning 
or practice effects associated with the test. 

The long-term objective of this research remains to develop a simple, 
inexpensive performance-based screening procedure to facilitate comparison 
of initial abilities with subsequent operational performance and to assess 
changes in this component as a result of practice, age, operational experi¬ 
ence, and/or recovery from disorders affecting gaze shift control. 

EXPERIMENTAL EQUIPMENT AND PROCEDURES 

The equipment, stimulus conditions, and test protocol for the current 
test closely follow those used in the original study (2), Minor differ¬ 
ences exist relative to the number of digits used in the numeric stimulus 
array, the fixation letter on-off display times, character size and spac¬ 
ing, and display intensity. 

EQUIPMENT 

Experiment I 


The device used to display the visual stimulus was a small-scale 
combination input/output kS-2J2 terminal (Burr Brown Research Corporation 
Model TM71 Microteriuinal). The display component of the device was a ib- 
character light-emitting diode (LED) with character generation deriving 
froiii a 16-segnieiit font- The character height was approximately 2.84 mm 
(M.il2 in), and the center-to-ceuter distance between characters was ap- 
proMiiidtcly 4.44 i:iiii ((J.17i) in). V'/lth tlie font segments used to generate 
the numeric characters, the characters were approximately 1.4 mm (0.055 in) 
wide resulting in an rnter-digit spacing ol approximately 3.04 mm (0.12 in) 
between the end of one digit and the beginning of the next digit. At a 1-m 
viewing distance, these dimensions result in viewing angles for character 
tieight, character width, and inter-digit spacing of approximately 9.8, 4,8, 
and i0,5 min, respective?y. 

The luminance of the display characters was measured with a commercial 
pliotometer (Photo Research SPECTRA Prichard Photometer, Model 1980A) using 
two different measurement techniques. In the first technique, the instru¬ 
ment was set up to measure the luminance of a single segment of the display 
font. The setup of the photometer was as follows: the face of the display 
device was positioned 4.12 cm (1.625 in) from the face of a Micro-Spectra 
KL-19 supplementary lens. With the filter turret open and a 2-min angular 
measurement field positioned to be within the width of a single vertical 
LID line segment, the lufiiliiance was measured as 144 cd/(ii^. The second 





procedure Involved measuring the average Luminance of the alphanumeric 
characters using a SL-4U len^^ placed 7d.2 cm (37 in) from the display. A 
20-min angular measuring field was positioned so that its diameter equaled 
the height of the characters and completely circled a single character. 

The luminance of each of the 22 alpha characters was then measured with the 
filter turret open and an over-all mean calculated indicating an average 
luminance of 8.2 cd/m^. The same technique applied to the eight numeric 
characters indicated a mean luminance of approximately 7.4 cd/m^. Immedi¬ 
ately after presenting the eight-digit stimulus array for a given exposure 
period, the digits were masked with eight zeros, each of which had a 
measured luminance of 8.6 cd/m^. 


Eaperiaente 2, 3, and 4 

In these experiments, visual stimuli were presented by a larger dis¬ 
play module (Burr Brown Research Corporation Model TM27 Microterminal). 

This LbD display had an eight-character display capability based upon a 
hexidecimal format with character generation deriving from a seven-segment 
font. The characters generated with this font had Che following approximate 
dimensions: height- 7.62 mm (0.30 in), width- 5.2 mm (0.2 in), and an 

inter-digit spacing of about 5.0 mm (0.2 in) between the end of one char¬ 
acter and the beginning of the next character. At a 1-m viewing distance, 
these dimensions result in viewing angles for character height, width, and 
inter-digit spacing of approximately 26.2, 17.8, and 17.1 min, respective¬ 
ly. The ratio of stroke width (width of r single Lkl) line segment) to 
character height was approximately 1:8. 

The luminance of the display ctiaracters was measured with the same 
equipment and measurement techniques used for Experiment 1. The setup of 
the photometer to measure the luminance of a single segment of the display 
was as follows: the face of the display device was positioned 4.12 cm 
(1.625 in) from the face of a Micro-Spectra FL-14 supplementary lens. With 
the filter turret open and a 2 min angular measurement field positioned to 
be within the width of a single vertical LED line segment, the luminance 
was measured as 17.4 cd/m^. The average luminance of the alphanumeric 
characters was measured using a SL-40 lens placed 68 cm (27 in) from the 
face of the display. A 1.0° angular measuring fiel^ was positioned so that 
its diameter equaled the height of the characters and completely circled a 
single character. The luminance of each of the three alpha characters was 
then measured with the filter turret open and an over-all mean calculated 
Indicating an average luminance of 1.36 cd/m^. The same technique applied 
to tne eight numeric characters indicated a iiiean luminance of the same 
value. The luminance of each of the eight zeroes used to mask the numeric 
display was measured as 1.58 cd/m^. 

The 'l'M27 display niouule was powered from a separate DC power supply 
that was adjusted for a 7.6-volt output prior to making the luminance 
measuremen L3. Photometer measurements made at difleceiit operating voltages 
indicated a linear relationship between luminance and voltage. For ex¬ 
ample, the luminance of the "8" character varied linearly from 1.57 cd/m^ 
at 7.6 volts to 3.28 cd/m^ at 10.U volts. 
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STIMULI GEMERATIOM 


ExperlBents I» 2, 3,«nd 4 

A desk top computer (Hewlett Packard Model 9d4.‘^C) was used to generate 
and store the test stimuli and to control the LED displays during a testing 
session. The letters A, and E served as fixation characters In all 
experiments. In the process used to randomize presentation of the fixation 
characters, sequences that Involved two Identical consecutive characters 
were eliminated. The number of single fixation characters sequentially 
presented was also randomized over the range of two to four characters 
where the display of each character was marked by a 2U0 ms "on" period 
followed by a 4U0 nis "off" (blank screen) period. Immediately after presen¬ 
tation of the last fixation character on the first display, an acoustic 
tone signaled the subject to begin head movement toward the second display. 
At the same Instant, the eight-digit stimulus array was presented on the 
second display for a preselected exposure time. 

Wlti) the eight-character numeric display, only digits two through nine 
were Included in the stimulus array. In the randomization process, se¬ 
quences that Involved two adjacent digits of the same value were elimin¬ 
ated. In addition, components of the stimulus array that Involved three 
sequential digits that produced a single-step run in either the up (e.g., 
digits 4,5,6) or down (e.g., digits 8,7,6) direction were eliminated. Four 
different exposure times were used to display the numeric array where time 
was measured from Che instant the audio tone was completed to the Instant 
the numeric display was turned off by the visual mask. 

Significant exposure time errors can be introduced as a result of 
computer software delays. To determine the extent of these errors, the 
actual exposure times were measured using a photocell and timing oscillo¬ 
scope. The time difference between the observed and desired exposure times 
was then used as a time correction factor in the setup of the computer 
clock. 

Exposure tii.ie sequences were rundomized with each exposure time pre¬ 
sented Che same number of times for each direction o'; head movement. In 
addition, tne number of fixation letters preceding presentation of the 
numeric array was adjusted so that each exposure time received the same 
number uf two, tliree, and tour letter fixation sequences. Upon completion 
of the randomization process, the entire test configuration was stored on 
disk so that subjects could be tested under identical stimulus conditlonsr 

TEST PROTOCOL 

Experiment 1 

The subject was seated in a dimly illuminated testing room containing 
the two display modules. One module was located at eye leve 1 30° to the 
left of the subject; the other was 30° to the right. The 30° angular 
displacements were measured from the visual dead ahead position to the 
leftmost digit presented on a given display. Before beginning the test, 
written and verbal descriptions of the testing procedure were presented to 
the subject in detail. In essence, the subject was Instructed to directly 
face the visual display module that contained a dash character in the 
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leftmost character position and signified that the test was about to begin. 
The randomized, single-character, fixation letters were then sequentially 
presented followed by a brief audio tone. At this Instant, the randomized 
eight-digit numeric stimulus was presented on the second display for pre¬ 
selected exposure times of 500, 750, 1000, and 1250 ms. At the end of the 
exposure time interval, the numeric stimulus was masked by eight zeros dis¬ 
played for 500 ms. The mask was then followed by the display of a single 
dash character, which signified that the next test trial would start with 
the presentation of the fixation letters on this display. 

The subject's task was to call out each of the fixation characters as 
they appeared. At the sound of the audio tone, the subject rapidly rotated 
his head toward the second display and called out as many of the displayed 
digits he recognized in proper left-to-right sequence. The subject was in¬ 
structed to call out the 'digits individually (e.g., if the subject could 
correctly identify four digits such as 3564, he was to call out "three, 
five, six, four" not three thousand five hundred and sixty-four or some 
equivalent variation). Performance was scored as the number of digits 
correctly identified In proper sequence with the exception that a score of 
zero would be given if the alpha fixation characters were not correctly 
idertifled. blach score was entered manually into the computer by the 
operator. The test resumed by use of alerting dash characters followed by 
fixation characters on the second display followed in turn by numeric 
stimuli on the first display. Thic procedure was continued until the 
entire trial set was completed. 

To tamillarlze the subject with the presentation of the visual stim¬ 
uli, each testing session was initiated by a 24-trial demonstration. This 
run was automatically paced without operator intervention using exposure 
times of 750, 1000, 1250, and 1500 ms. During this run, the operator 
emphasized tne need for the subject to always directly face the display 
where the fixation letters would be presented, to rapidly rotate his head 
toward the eight-digit numeric stimulus display, and to call out as many of 
the digits that he found possible. This run was then followed by a 4b- 
trial test run using the same exposure times with each exposure time pre¬ 
sented 6 times for each direction (lett-to-right and right-to-left) of head 
movement. All trials were scored by the test operator. However, for the 
six trials associated with each test condition, the lowest two scores were 
discarded in the final data analysis to minimize the effects of subject 
errors resulting from inadvertent mispronounciations, brief lapses of 
attention, et cetera. Thus the data presented in this paper for each 
exposure time are based on the mean of the best four subject responses. 

Experiment 2 

With two exceptions, this experiment was Identical to Experiment 1. 
The first difference was that the two LEU displays were located 45° to 
either side of the dead-ahead position. Thus, head movements ol 90°, 
Instead of 60°, were required to move from the fixation display to the 
numeric stimulus display. 

The secona difference was the addition of a static test immediately 
after completion of the 4b-crlal test run sequence. This static test 
required the subject to face a single TM27 display located in the visual 
dead-ahead position. The fixation characters and numeric stimulus array 
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were presented sequentially on this single display following the same 
experimental procedures used for the previous tests with the exception that 
no head movements were required to perform the task. Four exposure times 
(23U, 50U, 73U, and IQUO ms) were used; each exposure time was presented 
& times, resulting in a total of 2A trials. As before, only the best four 
scores associated with a given exposure time were used to calculate the 
mean number of digits correctly identified. 

Experiment 3 

This experiment, witii a tew exceptions, was similar to Experiment 1. 
The tirst exception was that a total of four displays were used. Two 
displays were located to the left and right of the visual dead-ahead 

position ttius requiring 90° head movements in the horizontal plane. Two 
additional displays were located 45° above and below the visual dead-ahead 
position tlius requiring 90° head movements in the vertical plane. 

The second exception involved the use of a counter-balanced design to 
present the horizontal and vertical stimuli. The first phase of the test 
involved a 24-trlal demons tra tioti, a 2a-trial practice session, and a 4d- 
trlal test run involving head (notions made in only one plane (either hori¬ 
zontal or vertical). Following a 2-min rest period, the second phase of 
the test was ini tl tinted. Tills phase involved a 24-trlal practice session 
and a 4d-trial test run requiring head movements in the other orthogonal 
plane (either vertical or horizontal). 

The experimental design was as follows: The two test phases involved 
two different stiniuil sets identified as A and B. During the first phase 
ut tlie test, hall ol tin' suiijucts mac'e head movements in the horizontal 
plane while the otlier hall made iiKJvements in the vertical plane; the second 
pliase always involved head movements made in the other plane. Half of the 
subjects received stimulus set A during the first phase while the other 
hail received set li; the second phase always involved presentation of the 
oilier stimulus set. A turther condition involved selection of the display 
that would receive the llrst llxation sequence presented In either stimulus 
set A or li. Fot example, If the first fixation sequence in set A was 
presented on tlie lelt display, a le 11-to-rig ht head movement would be 
required to identity the first numeric stimulus. If the first fixation 
sequence was presented on the right display, a right-to-lett head movement 
would he required to identify the same first numeric stimulus. According¬ 
ly, halt of the subjects received their lirst fixation character on the 
left display lor horizontal head iiiovenients while the test began on the 
right dis()lay tor the other hall. Correspondingly, for vertical head 
movements, halt the subjects received their first fixation character on the 
upper display while tlie test began on the lower display for the other hail. 

Experiment 4 

This experiment used the test protocol outlined for Experiment 2 with 
the exception that each subject was tested on four successive days. The 
demonstration run was given only on the first testing day. 
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SUBJECTS 


The subjects were volunteers, males, student naval aviators or student 
naval flight officers, who had recently passed their flight physicals with 
no known visual or vestibular deficits. A total of 81 individuals volun¬ 
teered for participation in the study; 25 were assigned to L^perlment 1, 25 
to Experiment 2, 16 to Experiment 3, and 15 to Experiment 

RESULTS AMD DISCUSSION 

The results of Experiment 1, using the small TM71 display with bU*’ 
horizontal head movements, are presented In Table 1. The grand mean, 
standard deviation of the observations, standard error of the mean, minimum 
value, and maximum value of the performance scores obtained by the subject 
group are listed for each of the four exposure times. In this table, and 
In all following tables, the performance scores derive from the number of 
stimulus array digits correctly Identified during a single trial. The mean 
datum calculated for each subject, for each direction of head movement, and 
for each exposure time, represents the average of the four best scores 
obtained In six trials. In effect, each grand mean in Table 1 derives from 
a total of 2UU observations (lOU for each direction of head movement) col¬ 
lected from the study population (N “ 25). The grand mean scores represent 
the simple average of the performance scores obtained with the left- and 
right-directed head movements. 

A one-way, repeated measures ANOVA of the grand mean data stiowed a 
significant difference (^(3,24) = 257, £ < .OUl) for the exposure time 
treatment. A Duncan multiple-range comparison of the grand mean data, as 
depicted in TabJe 1, indicated that the performance scores obtained at each 
of the four exposure times *ere all significantly different i£ < .01) from 
each other. 

Table 1. Experiment 1 Horizontal Gaze Shift Eerlormance Data for 60° Head 
Movements for Four Exposure Times Using the Small Character TM71 
Displays. 


Performance 


Exposure 

Time (ms) 

Sta tis tics 

500 

750 

1000 1250 


Grand Mean 

0.83 a 

2.67 b 

3.5b c 

4.23 d 

SD 

0.80 

0.65 

0.40 

0.51 

SE 

0. lb 

0. 13 

0.08 

0.11 

Minimum 

0.00 

1,25 

3.00 

3.50 

Maximum 

3.00 

4. 13 

4. 50 

5.38 


Means within the same row with the same letter suffix are not significantly 
different according to Duncan's multiple range test (£ < .01). 

Tbe grand mean data of Experiment I, plotted in Fig. 1, show that 
improvements In performance with Increased exposure time are more or less 
linear over the 750 to 1250 ms stimuli Intervals. However, a more rapid 
drop in performance occurs as the exposure time decreases below 750 ms. 

The minimum and maximum value data presented in Table 1 also reflect 
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considerable ditferences in Individual performance at each of the four 
exposure times as was reported in the original study (2). The results of a 
one-wa/i repeated measures ANOVA and a Duncan multiple-range comparison of 
the grand mean data were in essential agreement with those found for the 
TM71 displays; significant differences were found for the exposure time 
treatment (K3,24) = 345, ^ < ,0001), and all four grand mean performance 
scores differed significantly < .01) from each other. 



Kigure 1, Mean horizontal gaze performance scores as measured by 

Experiment 1, Experiment 2, and Percival and Guedry (2) . 

During Experiment 1, sample test data were also collected using a 
variety of civilian and military subjects who were not associated with the 
naval flight training program. Several older subjects (50 to 60 years old) 
complained of having visual acuity difficulties with the TM71 small char¬ 
acter LEu display. No such difficulties were reported by the flight stu¬ 
dents wlio participated in Experiment 1. During this period a 37-year-old 
Navy helicopter pilot undergoing treatment for hypertension was tested, 
and he reported extreme difficulty focusing on the stimulus characters. 
Since this test was developed to identify deficiencies in gaze performance 
rather than visual acuity, tne decision was made to abandon the TM71 small- 
character display after Experiment I and substitute the TM27 large-charac¬ 
ter display on the following experiments. 

The results ot Experiment 2, which used the TM27 large-character dis¬ 
play and involved 90° head movements, are summarized in Table 2 using a 
format identical to that of Table 1. The grand mean data of Table 2 are 
also plotted in Fig. 1. These data indicate a considerable improvement in 
pertormance using this larger display. Again, performance dropped rather 
quickly below 750 ms. The minimum and maximum value data of Table 2 also 
show the same wide range in individual performance scores with this display 
as was observed with the TM71 display. 


8 




Table 2. Experiment 2 Horizontal Gaze Shift Performance Data for 90° Head 
Movements for Four Exposure Times Using the large Character TM27 
Displays. 


Performance __ Exposure Time (ms) 


Statistics 

500 

750 

1000 

1250 

Grand Mean 

1.61 a 

3.27 b 

4.18 c 

5.17 d 

SD 

0.76 

0.58 

0.54 

0.87 

SE 

0.15 

O.li 

0.11 

0.17 

Minimum 

0.50 

2.63 

3.50 

3.75 

Maximum 

3.50 

5.00 

5.63 

7.38 


Means wl'thln the same row with the satre letter suffix are not significantly 
different according to Duncan's multiple range test (£ < .01). 

The mean and stanuard deviation of the performance scores associated 
with the left- and right-directed horizontal gaze shifts used in Experiment 
2 are listed at the top in Table 3 for each of the four exposure times and 
for each direction of head movement. The results of a two-way, repeated 
measures AMOVA indicated no statistically significant differences In the 
left/right directional treatment for the grouped data. However, signif¬ 
icant differences were present for the exposure time treatment (£(3,72) ■ 
344, £ < .0001), as would be expected, and for the treatment Interactions 
(£(3,72) ■ 11.b, £ < .0001). A post hoc means comparison was then performed 
to determine If any significant differences existed between left ana right 
gaze performance at each of the four exposure times. This analysis used 
the standard error of the grouped date as derived by Winer (10) to calcu¬ 
late the t statistic according to the Uonferronl (11) method. As indicated 
In Teble 3, significant left/right difference occurred at 300 ms where per¬ 
formance was best for head movements to the right and at 1250 ms where 
performance was best to the left. 

The Pearson correlatiuu r coefficients that relate the performance 
scores for the two direction::! of head movements at a given exposure time 
are also listed in Table 3. These data indicate relatively strong, statis¬ 
tically significant interrelationships between the two directions of head 
movement fur each of the four exposure times. 

Figure 1 also contains data obtained from the initial studies of 
Perclvai and Guedry (2). These data, extracted from their Fig. b plot, 
were produced by 85° head movements to the right using CRT displays that 
could generate alphanumeric cnaracters based upon a 16 x 24 point font. 
Their stimulus characters had a horizontal viewing angle of 14.2 min, a 
vertical viewing angle of 21.1 min, an Inter-digit spacing of 14.2 min, and 
a stroke width to character height ratio of 1:24. The data plotted in Fig. 

1 indicate that though the overall performance scores varied according to 
the characteristics of each visual display, the performance curve, as a 
function of exposure time, remained essentially of the same form for all 
displays. 
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TABLE 3. Experiment 2 Horizontal Gaze Shift Performance Data for Left and 
Right Head Movements of 90° tor Four Exposure Times Using the 
Large Character TM27 Displays. 


Performance 

Score 

Statistics 

Expo 

sure Time (ms) 

and Direction 

of Head Movement 

500 

750 

1000 

1250 

Right 

Left 

Right 

Left 

Right 

Left 

Right 

Lef t 

Mean 

1.89 

1.33 

3.24 

3.29 

4.15 

4.21 

4.98 

5.36 

SD 

0.80 

0.95 

0.56 

0.65 

0.45 

0.68 

0.82 

1.00 

r-correla tion 

0.52** 

0.80*** 

0.77*** 

0.82*** 

di 

23 


23 


23 


23 


t-means 

6.45* 

-0.59 


“0. 

71 

-4. 

51* 

dt 

72 


72 


72 


72 



”.001 

The pertormance scores ot the Experiment 2 subject group on the static 
test (a slng'e display in the visual dead-ahead position, which did not 
require any torni of head movement) are presented in Table 4. A one-way, 
repeated measures ANUVA again indicated significant differences for the 
exposure time factor (F(3,24) > 210, £ < .0001). Similarly, the Duncan 
multiple-range comparison test again showed that all four grand means were 
significantly different (j) < .01) from each other. These data, and equiva¬ 
lent data collected by Percival and Guedry (2) for the same kind of static 
testing condition, are plotted in Fig. 2. (The Percival and Guedry data 
were extracted from their Fig. 2). The resulting plots show an excellent 
correspondence between the data collected with the two different display 
systems. I'he plots also indicate that, numerically, the differences be¬ 
tween the two sets of performance scores at a given exposure time do not 
exceed U.23 digits over Che common stimulus range. 

TAKLE 4. Experiment 2 Performance Data for Four Exposure Times Using a 
Single Small Character Model TH27 Display Placed Dead-Ahead of 
the Subject (No Head Notions Were Requited). 


Performance _ _ Exposure Time (ms) 


Statistics 

250 

500 

750 

1000 

Mean Score 

2.73 a 

3.81 b 

4.78 c 

5.58 d 

SD 

0.41 

0.45 

0.56 

0.88 

o b 

0.06 

0.09 

0. 11 

0.17 

Minimum 

2.00 

3.00 

3.50 

4.75 

Max i III uni 

.o 

c 

c 

4.75 

6.00 

8.00 


MeaiKs within the same row with tlie same letter suffix are not significantly 
ditferent according to Duncan's multiple range test (£ < .01), 

in Experiment 3, the performance of each subject was measured while 
performing 90° head movements made in the horizontal plane followed by 90° 
head movements made in the vertical plane (or vice versa). The resulting 
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Figure 2. Mean performance acores achieved In Experiment 2, and by 
Perclval and Guedry (2), with a single display positioned 
directly In front of the subject at eye level . 

data are Hated in Table 5 and plotted In Fig. 3. A two-way, repeated 
measures ANOVA showed significant differences only for the exposure time 
factor (£(3,45) ■ 4b4, £ < .0001), Since there was no statistically sig¬ 
nificant difference for either the direction treatment or the interactions 
between treatments, a means comparison test was not performed. In effect, 
the ANUVA results do not Indicate any real differences between horizontal 
and vertical gaze shift performance even though the horizontal scores 
between 500 and 1000 ins were numerically greater than the vertical scores. 
The correlation data of Table 5 s }w that low to moderate, statistically 
significant correlations exist between the two directions of head movement 
at all exposure times except 500 ms. 

iabie 5, Experiment 3 Horizontal and Vertical Gaze Shift Performance Data 
for Head Movements of 90^^ for Four Different lixposure Times Using 
the, l^rge Character TM27 Displays. 


Performance 

Exposure Time (ms) 

and Direction 

of Head 

Movemen t 

Score 

500 


750 

1000 


1250 

Sta tis tics 

Horiz 

Vert 

Horiz 

Ver t 

Horiz 

Vert 

Horiz Vert 

Grand Mean 

SD 

1.67 

0.48 

1.28 

0.77 

3.49 

0.55 

3.30 

0.41 

4.41 

0.n3 

4. 19 
0.44 

5.16 5.17 

0.71 0.68 

r-correlo tion 

0.36 


0.49* 


0.53* 


0.08** 


14 


r-correlo tion 
df 


14 


14 


o.oa** 

14 







Figure 3, Lxperlment 3 data comparing grand mean performance scores 
derived from 90° bidirectional gaze shifts made In the 
horizontal plane with those made In the vertical plane . 

Table & involves the vertical plane data of Experiment 3 and compares 
the performance scores obtained with downward-directed head movements with 
tliose obtained with upward motions. A two-way, repeated measures ANOVA on 
these data did not show any statistirally significant differences for 
either the direction treatment or the treatment interactions. This would 
imply that there were no significant differences in gaze performance for 
either direction of head movement. Only the exposure time treatment was 
significantly different (£(3,45) - 301, £ < .0001) as would be expected. 
Significant correlations between the two directions of vertical gaze shift 
were present at all exposure tlnces except 750 ms. 

TAliLK 6. Experiment 3 Vertical Gaze Shift Performance Data for Upward and 
Downward Head Movements of 90° for Four Exposure Times Using the 
Large Character TM27 Displays. 


Performance 

Exposure 

Time (ms) 

and 

Direction of Head 

Movement 

Score 

500 

750 


1000 

1250 

Statis tics 

Down Up 

Down 

Up 

Down Up 

Down Up 

Mean 

1.19 1.37 

3.34 

3.25 

4.23 4. 14 

5.16 5.19 

SD 

0.73 0.95 

0.45 

0.56 

0.49 0.50 

0.84 0.67 

r-correlation 

0.66** 

0.2b 


0.63** 

0.65** 

df 

14 

14 


14 

14 


** £ < .01 


12 







Table 7 13 a similar tabulation of performance scores associated with 
left- and right-directed head notions made in the horizontal plane by this 
subject group. A two-way, repeated measures ANOVA of the grouped data 
Indicated the presence of significant differences for the direction treat¬ 
ment (F(l,15) “ 10.1, £ < .01) and the exposure time factor (£(3,4S) * 295, 
£ < .0001). Using the Bonferronl method outlined previously, it was found 
that statistically significant differences in horizontal gaze shift per¬ 
formance occurred at only 500 ms where performance to the right was best. 
This is in essential agreement with the horizontal gaze shift data of 
Experiment 2 with the exception that no significant difference occurred at 
1250 ms. The correlations between the two directions of horizontal head 
motion were not as great as those calculated for the equivalent data 
presented in Table 3. 

TABLE 7. Experiment 3 Horizontal Gaze Shift Performance Data for Left 

and Right Head Movements of 90° for P'our Exposure Times Using the 
Large Character TM27 Displays. 


Performance 

Exposure 

Time (ais) and 

Direction of Head 

Movement 

Score 

500 

750 

1000 

1250 


Statistics Right Left Right Left Right Left Right Left 


Mean 

1.92 1.41 

3.51 3.45 

4.48 4.32 

5.18 5.12 

SD 

0.39 0.73 

0.65 0.63 

0.57 0.45 

0.99 0.56 

r-correla tion 

0.38 

0.46* 

0.43* 

0.66** 

df 

14 

14 

14 

14 

t-means 

4.38* 

0.53 

1.32 

0.53 

df 

45 

45 

45 

45 


* “ £ < .05, ** = £ < .01 

in Experiment 4, the horizontal gaze shift performance of 15 subjects 
was measured on 4 successive days to investigate the extent of the learning 
or prac*'ice effects associated with repeated exposure to the test. The 
mean p' ormance scores and the related standard deviations are listed in 
Table 6 for each of the four exposure times and for each of the testing 
days; the means and standard errors of the mean of the same data are 
plotted In fig. 4. As would be expected, the mean performance scores 
improved as a function of time. Application of Duncan's Multiple Range 
Test to these data Indicated that for all four exposure times, performance 
on Day 2 was slgnllicantly better (£ < .05) than that achieved on Day 1. 

For the 5UU-ms exposure time, significant changes in performance did not 
occur between Days 2 and 3 or Days 3 and 4; the same applies to the 1000-ms 
stimulus; for 750 and 1250 ms, significant differences did not occur after 
Day 2. Although learning effects are present, it should be noted that the 
improvement achieved on Day 4 relative to the Day I performance scores 
amounted to only 0.83, 0.82, 0.72, and 0.67 digits for the 500, 750, 1000, 
and 1250 ms exposure times, respectively. Relative to studies that require 
that test performance be stabilized before entering an experimental regi¬ 
men, it could be projected from these data that minimal changes in perform¬ 
ance would occur after 3 testing days. 
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TABLE 8, Experiment 4 Horizontal Gaze Shift Performance bata Derived 
From a Subject Group Tested on Four Successive Days. 


Performance __ Exposure Time (ms) _ 

Statistics 5U0 750 1000 1250 


DAY 1 


Grand 

Mean 

1.87 

a 

3.38 

a 

4.58 

a 

5.60 

a 

SD 


0.80 


0.48 


0.55 


0.95 


DAY 2 










Grand 

tlean 

2,32 

b 

3.98 

b 

4.93 

b 

6.29 

b 

SD 


0-71 


0.66 


0.80 


1.08 


DAY 3 










Grand 

Mean 

2.48 

be 

4.13 

b 

5.05 

be 

6.15 

b 

SD 


0.80 


0.56 


0.67 


0.93 


DAY 4 










Grand 

Mean 

2.70 

c 

4.20 

b 

5.30 

c 

6.27 

b 

SD 


0.87 


0.58 


0.88 


0.84 



Means within the same column with the same letter suffix are not aig- 
niflcautiy different according to Duncan's mu'tiple range test < .05). 



Figure 4. Experiment 4 horizontal gaze shift performance data 
from a study group tested on four successive days. 









SUMMARY 


The bidirectional gaze shift data of the present report closely sup¬ 
port the unidirectional data of the original study (2) even though the test 
procedures were not identical and different forms of stimulus displays were 
used. Most Importantly, as with the original study, wide variations in 
individual performance were observed, particularly at the shorter exposure 
times. This finding lends considerable support to the concept that such a 
performance-based test may identify individuals with gaze disorders as well 
cs distinguish pilots with exceptional capabilities in this aspect of 
visual performance from those with poor gaze-shift capabilities. 

REGOHMEMDATIONS 

The present test configuration involves an eight-digit stimulus array 
and utilizes four different exposure times. The resulting data allows one 
to express performance scores (the number of digits correctly identified) 
as a function of exposure time. The resulting data, though important from 
a research viewpoint, probably exceed the requirements for either a clin¬ 
ical or aviation selection test of gaze capability. To simplify the test¬ 
ing procedure without compromising its effectiveness, it is recommended 
that the test be further refined to allow for the determination of a single 
threshold exposure time for the full identification of a four-digit stim¬ 
ulus array for each direction of head movement. This datum could be de¬ 
rived by using an ascending/descending presentation of exposure times above 
and below an individual's threshold as originally developed by Bekesy (9). 
Test artifacts that might arise as a result of individual variations in 
memory recall with an eight-digit stimulus array would be minimized with 
the shorter four-digit array. In addition, test performance would be 
described by a single threshold exposure time. Development of such a test 
is nearing completion. 
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